SUMMARY
Diagnostic yield of endomyocardial biopsy is low, particularly in disease that affects the myocardium in a nonuniform distribution. The authors hypothesized that real-time MRI guidance could improve the yield through targeted biopsy of focal myocardial pathology. They tested this hypothesis in an animal model of focal myocardial pathology using intracoronary ethanol and microspheres. The authors compared real-time MRIguided endomyocardial biopsy in swine using a custom actively visualized MRI bioptome against x-ray-guided biopsy using a commercial bioptome by skilled operators. Real and directs therapy in patients with unexplained heart failure (5). In skilled hands, procedural risk of endomyocardial biopsy is low but complications such as cardiac perforation can be life threatening (6) . Consequently, guidelines attempt to balance these risks with the potential diagnostic benefit. As a result, the only "strong recommendation" for endomyocardial biopsy in current guidelines is for new-onset heart failure associated with hemodynamic compromise or ventricular arrhythmias (7).
With better technology, it is conceivable that the diagnostic yield of endomyocardial biopsy could be significantly improved. Developments in real-time magnetic resonance imaging (MRI) pulse sequences enable excellent tissue characterization and visualization of custom-built MRI-conditional devices, while avoiding ionizing radiation (8) . We hypothesized that MRI guidance could augment the diagnostic yield of endomyocardial biopsy of focal myocardial pathology. To test this hypothesis, we created an animal model of focal myocardial pathology and compared the yield of x-ray-guided endomyocardial biopsy using a commercial bioptome versus real-time MRI-guided endomyocardial biopsy using a novel MRI-conditional bioptome.
METHODS
The institutional animal care and use committee approved all procedures, which were performed ac- 
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DISCUSSION
In this study, we demonstrate for the first time, to our knowledge, the feasibility of real-time MRI-guided endomyocardial biopsy in vivo using an active visualization MRI-conditional bioptome. In an animal model of focal myocardial pathology, we demonstrate Rogers et al.
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Real-Time MRI-Guided Endomyocardial Biopsy The MRI-conditional bioptome we used required considerable materials and electrical engineering for device visualization and MRI safety. The nonferrous forceps material needed to be MRI visible but not create a large MRI susceptibility artifact that would obscure nearby myocardium, and needed to be sufficiently strong and sharp to obtain diagnostic specimens. The catheter system was designed to serve both mechanically as a bioptome and electrically as a MRI receiver coil (13) .
Repeat biopsies are often required to diagnose diseases that affect the myocardial in a nonuniform distribution (14) . Targeted bioptome, but did not affect the diagnostic yield in this feasibility study. Different operators performed MRI-and x-ray-guided biopsies, but the study was not double blinded. Pre-procedural MRI could direct the x-ray operator to the correct endocardial surface.
In order to minimize bias, the x-ray operator was permitted to review the MRI study, including late gadolinium enhancement images, beforehand. In this early feasibility study, we did not test whether results would vary for different regions of the left ventricle.
In 1 animal, the yield was low with both MRI and x-ray guidance. On necropsy, it was apparent that the lesion was "hidden" behind a papillary muscle.
Although it was clearly visible with real-time MRI, it was difficult to navigate the bioptome to the lesion.
The prototype MRI-conditional bioptome we tested had a shapeable tip, but was not deflectable. Future iterations of the MRI bioptome now in development will incorporate an active deflection mechanism, which should enable the operator to reach every part of the endocardium, including the recesses behind the papillary muscles. Steerable guiding catheters could also improve the performance of x-ray bioptomes.
We delivered the 7-F sheath to the left ventricle using a commercially available nitinol guidewire. 
CONCLUSIONS
Targeted endomyocardial biopsy is feasible in a large animal model using real-time MRI guidance.
Compared with conventional x-ray fluoroscopy guidance, MRI significantly improves the diagnostic yield despite smaller specimen volumes. MRI-guided endomyocardial biopsy could be of particular value in disease processes that affect the myocardium in a nonuniform distribution.
